Background: The presence of structural sacroiliitis is strong evidence for the diagnosis of spondyloarthritis (SpA). Purpose: To assess the performance of abdominal computed tomography (CT) and pelvic plain radiography for the diagnosis of structural sacroiliitis compared with sacroiliac CT (SI joint CT) considered the reference technique in patients with SpA. Material and Methods: All SpA patients eligible for biologic treatment were selected from 2005 to 2012. An assessment of sacroiliitis was based on radiography according to the modified New York criteria and on abdominal CT and SI joint CT scans depending on the presence of erosion on at least two consecutive slices. A senior rheumatologist and radiologist independently scored the grade and diagnosis of structural sacroiliitis for the three imaging modalities. After a consensus reading of conflicting examinations (radiography and CT), a final diagnosis of structural sacroiliitis was attained. Results: Of the 72 patients selected, sacroiliitis was diagnosed on radiography, abdominal CT, and SI joint CT in 40, 31, and 44 patients, respectively. Inter-reader agreements for the grade of sacroiliitis were substantial for the three imaging modalities, with a weighted kappa range of 0.63-0.75 (95% confidence interval [CI], 0.52-0.83), and they were moderate for the diagnosis of sacroiliitis, with a kappa range of 0.50-0.55 (95% CI, 0.32-0.74). The sensitivity and specificity were 79.1% and 70.5%, respectively, for radiography and 82.1% and 100%, respectively, for abdominal CT. Conclusion: This study demonstrates the relevance of abdominal CT for the diagnosis of structural sacroiliitis, with good sensitivity and excellent specificity. These imaging techniques avoid unnecessary examinations.
Introduction
Structural analysis of sacroiliitis in spondyloarthritis (SpA) is based on conventional pelvic plain radiography (radiography), which is the reference technique for assessing the four stages of the severity of the disease according to Beneth et al. (1) , which is a component of the modified New York criteria (2) . The diagnosis of structural sacroiliitis on this imaging modality is defined by a grade !2 for bilateral localization and a grade !3 for unilateral localization.
The diagnostic approach to SpA has changed since the appearance in 2009 of the ASAS criteria (3) , which permitted the classification of non-radiographic SpA patients with chronic inflammatory back pain. Such a diagnosis is based on the presence of inflammatory sacroiliitis on magnetic resonance imaging (MRI) and/or the presence of HLA-B27 associated with clinical and paraclinical parameters. The continuum between inflammatory sacroiliitis on MRI and radiographic structural sacroiliitis development is observed in 15-47% of cases, with a delay in the range of 3-10 years, and some did not show structural sacroiliitis on pelvic plain radiography (4) (5) (6) . Computed tomography (CT) is considered the reference technique for the assessment of erosions in rheumatoid arthritis and gout (7) (8) (9) . In SpA, CT has certain advantages over radiography. It permits multi-planar assessment for optimal analysis from the synovial joint space to the ligament compartment of the sacroiliac joint (SI joint). However, structural assessment of the SI joints is performed using either global analysis or modified New York criteria (10) (11) (12) (13) (14) (15) (16) (17) (18) . SI joint CT leads to the reversal of a negative diagnosis based on radiography in 3.5-51.2% of cases but also excludes a radiographic diagnosis of sacroiliitis in 3.5-35% of cases. Finally, when SI joint CT is considered the reference technique, 33.3-92.8% of patients are correctly classified based on pelvic plain radiography (10) (11) (12) (13) (19) (20) (21) (22) .
In clinical practice, conventional pelvic plain radiography and MRI are usually performed to determine the presence of sacroiliac structural damage or inflammatory changes. In inconclusive situations concerning structural damage on radiography, SI joint CT may be required to confirm the diagnosis of structural sacroiliitis. In some particular clinical context of spondyloarthropathy, thoraco-abdominal and pelvic CT (abdominal CT) is performed to manage at-risk patients requiring a tumor necrosis factor (TNF) blocker. This imaging modality can also offer axial and coronal images of the sacroiliac joints. The aim of the present study was to evaluate and compare the respective performances of pelvic plain radiography and abdominal CT for the diagnosis of structural sacroiliitis using SI joint CT as the gold standard.
Material and Methods
SpA patients with radiographic or non-radiographic SpA (ankylosing spondylitis, psoriatic arthritis, spondyloarthropathy related to inflammatory bowel diseases, and SAPHO syndrome) who were followed at the rheumatology department of our institution were selected. Abdominal CT was performed only on at-risk patients (age >50 years, with severe co-morbidities, history of neoplasia >5 years, or risk of infection [diabetes mellitus or corticosteroid therapy] requiring a TNF blocker). Pelvic plain radiography is usually performed routinely, while SI joint CT is limited to cases of sacroiliitis that are ambiguous on radiography or is used to eliminate a differential diagnosis. Only patients examined with all three imaging techniques (radiography, abdominal CT, and SI joint CT) in the same year were included to avoid any bias related to the natural structural course of the disease. Of the 2314 patients assessed from 2005 to 2012, only 72 met these conditions. The following clinical data were collected: age; sex; duration of symptoms; HLA-B27 status; Bath Ankylosing Spondylitis Disease Activity Index (BASDAI); Bath Ankylosing Spondylitis Functional Index (BASFI); erythrocyte sedimentation rate (ESR); C-reactive protein (CRP) level; previous pregnancy; previous coxitis; the presence or absence of total hip replacement; the presence or absence of a history of inflammatory bowel diseases, uveitis, and psoriasis; and the use of non-steroidal anti-inflammatory drugs (NSAIDs) or disease-modifying antirheumatic drugs (DMARDs) at the time of imaging. During the same period, no patient with other diseases had been explored using the same three imaging modalities during the same year. For this reason, no control group was available.
Imaging techniques and evaluation
Radiography was performed with anteroposterior projection with an internal rotation of the hip of 20 . The assessment of structural sacroiliitis involves scoring using modified New York criteria: grade 0, normal sacroiliac; grade 1, suspicious changes; grade 2, minimum abnormality (small localized areas with erosions or sclerosis without alteration in the joint width); grade 3, unequivocal abnormalities (moderate or advanced sacroiliitis with erosions, evidence of sclerosis, widening, narrowing, or partial synostosis); and grade 4, severe abnormalities (total synostosis) (1). Each SI joint space is examined separately, starting with the right. The diagnosis of structural sacroiliitis is established by the presence of a minimum of bilateral grade 2 or unilateral grade 3.
SI joint CT was conducted using a TOSHIBA Aquillion One imager (Toshiba, Tokyo, Japan) with 12-cm volumetric acquisition without contrast injection. The acquisition parameters were as follows: matrix, 512 Â 512; X-ray energy, 120-130 keV for 200 Ma; rotation time, 0.75 s; axial slice thickness, 0.5 mm with an interval of 0.25 mm between each slice; and a bone filter. The morphological assessment of the SI joint was performed on 30 coronal oblique reconstructions without an interval and with a thickness of 1.5 mm.
Abdominal CT was conducted using a GE Light Speed VCT imager (GE Healthcare, Milwaukee, WI, USA) in helical acquisition with a field of acquisition on average of 30 cm (range, 25-50 cm) with contrast injection. The acquisition parameters were as follows: matrix, 512 Â 512; X-ray energy, 120 keV for 700 mA; rotation time, 0.6 s; axial slices thickness, 1.25 mm and an interval of 0.9 mm between each slice; and a soft tissue filter. The CT acquisition could visualize the sacroiliac joints on 20 consecutive axial slices with bone window settings.
Definition of elementary structural lesions with CT
The definition of elementary structural lesions with CT can be seen in Fig The diagnosis of structural sacroiliitis on SI joint CT is defined by the presence of bilateral erosions on at least two consecutive slices corresponding to bilateral grade 2. The diagnosis of unilateral sacroiliitis is defined by the presence of at least a narrowing or a pseudo widening of the joint space or a partial or complete synostosis on two consecutive slices corresponding to a grade 3 or 4.
Scoring of SI joints on radiography and CT
Harmonization for each elementary structural lesion and for each imaging technique was made before beginning readings. All examinations were read separately, independently, and retrospectively by a senior rheumatologist and by a senior radiologist with more than 10 years of experience in musculoskeletal imaging. The readings were performed as follows: radiographic examinations were read first, then all abdominal CT examinations 15 days later, then all of the SI joint CTs after another 15 days. Each SI joint was graded according to the above description and a diagnosis of structural sacroiliitis was finally established for each imaging modality. After the reading of all of the imaging modalities, only discordant examinations (radiography, abdominal CT, and SI joint CT) on the diagnosis were discussed again in a common analysis to establish a final consensus of structural sacroiliitis.
Statistical analysis
The inter-reader reproducibility of the sacroiliitis grade for the three imaging techniques was assessed by a The sensitivity and specificity of the pelvic plain radiograph and abdominal CT scan in the diagnosis of sacroiliitis were calculated by taking the CT of the sacroiliac joints as the gold standard.
Results
The characteristics of the population are summarized in Table 1 .
Radiography: All of the results concerning the grade scoring, diagnosis, and reproducibility for the two readers before the consensual reading are summarized in Table 2 . Consensual scoring of the 18 discordant examinations permitted a final diagnosis of structural sacroiliitis in 40 patients (30 bilateral and 10 unilateral forms) ( Table 3) .
Abdominal CT: All of the results concerning the grade scoring, diagnosis, and reproducibility of the two readers before the consensual reading are summarized in Table 2 . The consensual scoring of the 19 discordant examinations permitted a final diagnosis of structural sacroiliitis in 31 patients (27 bilateral and 4 unilateral) (Table 3) .
SI joint CT: All of the results concerning the grade scoring, diagnosis, and reproducibility for the two readers before the consensual reading are summarized in Table 2 . The consensual scoring of the 17 discordant examinations permitted a final diagnosis of structural sacroiliitis in 44 patients (38 bilateral and 6 unilateral forms) ( Table 3) .
Comparison of the three imaging techniques in the diagnosis of sacroiliitis: Comparing SI joint CT with radiography, the diagnosis was mistakenly made in five patients and was missed in nine patients (Fig. 2) . Thus, 58 (80%) patients were correctly classified. The sensitivity and specificity of radiography compared with SI joint CT were 79% and 82%, respectively. Of the nine patients with positive SI joint CT and negative radiographs, one-half had grade 3 on an SI joint CT. All five false-positive radiographic examinations scored grade 3 unilateral or bilateral; however, on SI joint CT, they scored grade 2 unilateral in two patients. No grade 4 cases were misinterpreted.
Comparing with SI joint CT with abdominal CT, the diagnosis was not retained in 13 cases. Thus, 59 (82%) patients were correctly classified (Fig. 3) . The sensitivity and specificity of abdominal CT compared with SI joint CT are 70% and 100%, respectively. Overall, SI joint assessment with abdominal CT underestimated by one grade of severity the scoring performed on SI joint CT. Of the 13 positive SI joint CTs, seven patients had unilateral grade 2 and six showed no sacroiliitis on abdominal CT. Of the 13 examinations that were positive on SI joint CT, structural lesions were located in a few slices on four examinations and are observed on more than one-third of the joints (more than 10 slices) for the remaining nine cases. No grade 4 cases were misinterpreted.
Discussion
This study showed that abdominal CT can establish a diagnosis of structural sacroiliitis with the same level of sensitivity but with a higher specificity (100%) than pelvic plain radiography. Thus, with this method, 82% of patients with SpA meeting the modified New York or ASAS criteria are correctly classified.
Concerning SI joint structural analysis on abdominal CT, we demonstrated an underestimation of the SI joint lesions for 13 patients. The excellent specificity is related to the same definition of structural lesions and same threshold of positivity for both methods. The lower sensitivity of the abdominal CT may be due to the lower spatial resolution related to a larger field of acquisition, a different filter that is not appropriate for the bone acquisition or that the slices are not joined, causing a probable loss of data. The plane of acquisition is also different; it is axial for abdominal CT and coronal oblique for CT of the sacroiliac joints. Analysis of the 13 patients who were negative on the abdominal CT showed that, for nine of them, large lesions in more than one-third of the SI joints are depicted on their SI joint CT scans, unlike the focal lesions observed in only four patients. Two studies have also analyzed the performance of abdominal and pelvic CT in assessing the SI joints. The first, performed in 1987, estimated the ability of CT to show the presence of degenerative lesions of the SI joints compared with conventional radiography (23) . The second, more recent study, investigated the performance of abdominal and pelvic CT in establishing a diagnosis of structural sacroiliitis according to the New York criteria on 598 examinations performed on a large population aged 18-55 years. In this study, patients with chronic inflammatory bowel diseases and patients with SpA were excluded. The diagnosis of structural sacroiliitis on CT was finally established in 22 examinations (3.7%). In this study, no correlation with plain radiography was determined (24) .
This study was conducted on a significant population of radiographic SpA (n ¼ 40). This study was based on the same modified New York criteria used in previous works but with structural lesions that were more clearly defined according to a threshold of significance for each abnormality. Before beginning reading by two independent readers, harmonization was performed to reduce minor discrepancies. Finally, discordances for each imaging modality were discussed and a consensual diagnosis was established.
On radiographs, there was good inter-reader reproducibility for the grade and diagnosis of structural sacroiliitis, which is comparable to the literature, with a Kappa value for grades in the range of 0.52-0.59 (10, 25, 26) and a Kappa value for the diagnosis in the range of 0.4-0.77 (11, 16, 27, 28) . Van Tubergen et al. showed that reproducibility did not depend on the learning curve or training level (29) . Compared with SI joint CT, this study showed that 80% of patients were correctly classified by radiography; however, in the literature, 33.3-92.8% of patients were correctly classified by radiography (10) (11) (12) (13) (19) (20) (21) (22) . Concerning the inter-reader reproducibility for the grade and diagnosis of structural sacroiliitis on SI joint CT, this study demonstrated data similar to the literature, with a Kappa value for the grade in the range of 0.61-0.91 (10, 25) and a Kappa value for the diagnosis in the range of 0.5-0.83 (11, 13, 16) . Concerning radiography, abdominal CT could classify well over 80% of the patients for structural sacroiliitis. Degenerative lesions, such as intra-articular gas, cysts, and osteophytes, were present in both pelvic plain radiographs and CT scans but were not assessed in this study. The lack of sensitivity for abdominal CT may also be explained by the difficulty of establishing a diagnosis of structural sacroiliitis in a population with a mean age of 52 years when both degenerative lesions related to osteoarthritis and chronic inflammatory structural lesions related to SpA are present. Vogler et al. demonstrated that sclerosis, ankyloses, and erosion may be present in a control population with prevalence's of 42%, 9%, and 2%, respectively. Some of these structural lesions increase with age (30) . Moreover, Geijer et al. showed better agreement in a younger population on CT scans (18) .
This work presents some limitations. First, SI joint exploration by the three imaging modalities in the same year is unusual in clinical practice and is not recommended in younger SpA patients. Second, the structural assessment did not explore the surface and depth of each type of lesion by the articular side or by the quadrant, as previously described by Puhakka et al. (16) . Third, the mean age of our population was older than that of a normal population of SpA patients. This difference is related to the abdominal CT indication being reserved for a population at risk.
In conclusion, this study showed the relevance of abdominal CT to diagnose structural sacroiliitis according to the modified New York criteria; it has the same sensitivity as pelvic plain radiography and a better specificity when SI joint CT is used as the reference examination. In clinical practice, when abdominal CT is performed recently (<1 year) for any other reason, its diagnostic value is equivalent to that of plain radiography and prevents the patient from needing an additional, irradiating examination. We can consider that, if there is positive sacroiliitis on abdominal CT, the SpA patient may be classified as having a radiographic form and could receive TNF blockers.
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